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(54) Low dielectric constant materials and processes 



(57) Chemical vapor deposition processes result in 
films having low dielectric constants when suitable 
chemical precursors are utilized. Prefen-ed chemical 
precursors include siloxanes, (fluoroalkyl)fluorosi- 
loxanes, (fluoroaikyl)silanes, (alkyl)fiuorosilanes, (fiuor- 
oalkyl)fluorosilanes, alkyisiloxysllanes, alkoxysilanes, 
aikylalkoxysllanes, silylmethanes, alkoxysilylmethanes, 



alkylalkoxysilylmethanes, alkoxymethanes, alkyla- 
Ikoxymethanes, and mixtures thereof. The precursors 
are particularly suited to thermal CVD for producing low 
dielectric constant films at relatively low temperatures, 
particularly without the use of additional oxidizing 
agents. Such films are useful in the microelectronics in- 
dustry. 
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Description 

Background of the Invention 
Field of the Invention 



10 



15 



microelectronic devices. ^ ^""^ °' "^w-^ ™terials as dielectric layers in 

Description of the Related Art 

that are used to Insulate metal lines and vSTfrom ZlVnTT P^^icularly true of the dielectric materials 

that these materials make, S dioxl hiSn ^^^^^^^^^^ '^"^""""""^ '° P^^^^'"'^ «-ce 

ufacture of devices for nearty three Sdes bStTavb.^'^ T "^"J"'*"^'^ ^ '^'^'^'ric material for the man- 
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deposit low-k films. '"^ ^" °' microelectronic device manufacturing for a process to 
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Summary of the Invention 

Zies'ztt^r^^^^^^^^^^ 

has not been fumiled by themna ?vdC els b^^^^^^^ 

not have the desired low dielectric coLant or becal^t^^e^^^^^^^ "'"^'''^ P-'--"- '° 

temperature that is too high for the staae of thP int^r^Z, • T Y ® Precursors must be conducted at a 

chemical precursors that .^n „ "^^r:!' ' P~<luction. Accordingly, there is a need in the art for 

would be highly versatile, fonning irk ,f«^rS 

a range of processing options for a given appLatton "'"^""'"^ the manufacturer with 

S ofLtrrs"'" '"^"^ ^ ""'"''^^^'^^^^ 

[00091 in one embodiment, a them^al chemical vapor deposition process for deposing a Si-containing material on 
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a surface is provided. In this preferred process, a substrate is contained in a chemical vapor deposition chamber and 
a gas containing a chemical precursor is introduced to the chamber. The chemical precursor is preferably a compound 
containing at least one silicon atom and at least one carbon atom, or a compound containing at least one carbon atom 
and at least one oxygen atom. The chemical precursor is more preferably a siioxane, a (fluoroalkyl)fluorosiloxane. a 
5 (fluoroalkyl)siiane, an (alkyl)fluorosiiane, a (fluoroalkyl)fluorosiiane, an alkylsiloxysiiane, an alkoxysilane, an alkyla- 
Ikoxysilane, a sllylmethane, an alkoxysilylmethane, an alkylalkoxysllylmethane, an alkoxymethane, an alkyla- 
Ikoxymethane, or a mixture of two or more of these chemical precursors with one another The Si-containing film is 
preferably deposited onto the substrate by themnal CVD at a temperature of about 300"C or higher, and preferably has 
a dielectric constant of about 3.5 or lower, as deposited. These Si-containing films are useful In the manufacture of 

10 Integrated circuits, e.g.. as interlevel dielectrics. 

[0010] In another prefen-ed embodiment, a. CVD process is provided for depositing a low-k Si-containing material 
on a surface. In a preferred CVD process, a substrate is contained in a chemical vapor deposition chamber and a gas 
containing a chemical precursor is introduced to the chamber. The chemical precursor is preferably a sllylmethane, an 
alkoxysilylmethane, an alkylalkoxysllylmethane, an alkoxymethane, an alkylalkoxymethane, ora mixture of two or more 

'5 these chemical precursors with one another. The Sl-containig film Is preferably deposited onto the substrate by thennal 
CVD, and the film preferably has a dielectric constant of about 3.5 or lower, as deposited. These processes are useful 
for making Si-containing films with utility in the manufacture of integrated circuits, e.g., as interlevel dielectrics. 
[001 1] In another preferred embodiment, novel alkoxysilylmethanes and alkylalkoxysilylmethanes are provided, use- 
ful as chemical precursors for low-k films, as well as processes for making them. 

20 [0012] Multi-layered low-k films and processes for making them are also disclosed herein. 

[00131 a preferred embodiment, a CVD process for depositing a Si-containing material on a surface Is provided, 
In a preferred CVD process, a substrate is contained in a chemical vapor deposition chamber and a first gas containing 
a first chemical precursor is introduced to the chamber. A first Si-containing film is deposited onto the substrate. This 
first Si-containing film preferably has a dielectric constant of about 3.5 or lower, as deposited, and a thickness In the 

25 range of about 50A to about 5000A. A second gas containing a second chemteal precursor, different from the first 
chemical precursor, is then introduced into the chamber, and a multi-layered film is created by depositing a second Si- 
containing film onto the first film. This second Si-containing film preferably has a dielectric constant of about 3.5 or 
lower, as deposited, and a thickness in the range of about 50A to about 5000A. The resulting multi-layered film pref- 
erably has a dielectric constant of about 3.5 or lower, as deposited. Preferably, the outer layers of the multi-layer film 

30 have good adhesion and the Inner layer(s) have a low dielectric constant, Preferably, at least one layer of the multi- 
layered film Is deposited by themnal CVD. 

[0014] In another preferred embodiment, the process is continued by introducing a third gas, comprised of a third 
chemical precursor, to the chamber and depositing a third Si-containing film onto the second Si-containing film. Pref- 
erably, this third Si-containing film has a dielectric constant of about 3.5 or lower, as deposited, and a thickness in the 

35 range of about 50A to about 5000A. 

[0015] In another embodiment, multi-layered films are provided, preferably made by the processes described above. 
A preferred multi-layered film contains at least a first layer and a second layer, wherein the first layer contains of an 
amount of silicon in the range of about 1% to about 60%, an amount of carbon in the range of about 10% to about 
90%, an amount of oxygen in the range of 0% to about 35%, and an amount of fluorine in the range of 0% to about 

40 67%, each by weight based on total weight; and the second layer contains an amount of silicon in the range of about 
1% to about 50%, an amount of carbon in the range of about 10 % to about 60%, an amount of oxygen In the range 
of 0% to about 30%, and an amount of fluorine in the range of 0% to about 67%, each by weight based on total weight. 
These multi-layered films ate useful in the manufacture of integrated circuits, e.g., as Interlevel dielectrics. 
[0016] These and other embodiments ate described in greater detail below. 

45 

Brief Description of the Drawings 

[001 7] Figure 1 is a schematic il lustrating a chemical vapor deposition system for use with the preferred embodiments. 
[0018] Figure 2 is a gas line schematic illustrating the introduction of gases to the reactor in Figure 1 . 
50 [0019] Figure 3 is a schematic illustrating another chemical vapor deposition system. 

[0020] Figure 4 is a schematic Illustrating a multi-layered film having a graded interface In accordance with one 
embodiment of the Invention. 

Detailed Description of the Preferred Embodiments 

55 

[0021] The chemical vapor deposition (CVD) processes of the preferred embodiments can be conducted using any 
suitable CVD system. A schematic diagram (not to scale) of a prefen-ed thenrtal CVD system 10 is shown in Figure 1 . 
While originally designed to optimize epitaxial deposition of silicon on a single substrate at a time, the superior process- 
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processingsen,iconductorwafe^^^^^^ '".^"^^ °^ ^ wall" CVD reJor for 

in conjunction with other heating/coorngVyster uch '""^ 

[0023] TTie iiiustrated radiant heat souLstorprfee an u^^^^^^^^^ '"^""S" 

Ing elements 13. The upper heating elemente 13 ar^DripS^^^^ l^^^ ^^''i^"' "eat- 

o substantial^ parallel Jh the rea^a Jga^ lo! p«^^^^^^^ relationship and ateo 

assernbly comprises similar eionqatedtubTtv^rj^ln r? . ""''^''^"9 chamber 12. A lower heating 
oriented transverse to the upperSng^^^^^ 

the Chamber 12 by rough s JLulaS^rrats abovi rn. k f "t" " °' ''"'^^^ ^^^^'^ '"to 

Additionally, a piuLity of spot ^an^psTl^Too^nt^,^^^^^^^ '^""^ ^-P^^-'V- 
5 (described below), to counteract a heat sink St crSel hJIh . ""'^'""'^ °' "'^ "^'^^ ^"PP°« «t^"<=t"'« 

the reaction chamber 12. "^'^ extending through the bottom of 

cofstal silicon wafer, it will be undeSto^d tl, the te^S^^^^^^ '""''^^'"'^ embodiment is a single 

be deposited, as discussed elsewhere herS "^'^'^ '° ""'^ °" ^^ich a layer Is to 

SS22'rs;ss2Ts^^^^^^ 

Chamber 12 lower wall. PreferabJ ?he?uLTcolt^£^^^ « ^"''^ 26 depending from the 

i^nhlbitlng process gases froLscapi^^^^^^^^^ 

ature senso. are selected to promote temSruSr^IiJ^^^^ """"" P°^'"°- °' ^'^^ 

Sd^rbrth^^rhirr^^^^^ 

upon the spider 22 in proximity to the wafer hoidir w T» !f «^®'^°couple 28 passes through 

peripheralthermocouples, alsoTn^Xc^the wa er^^^^^^^^^ ' ' ^'^^^''^^ °' seconda^ or 
edge or rear them,ocouple 31, and a Sd^ hlr^rct Je 3?^^^^^^^^^^ 

housed Within a slip ring 32 w ich sur 1 sTe wlTho dl! 20 f ''''P'^"' »^-^'-°-0"Ples are 

thermocouples are connected to a temperat^rno^^Lr^^!, ^ IV^' ^^^^ °' ^"-^ P^^pheral 

elements 14 in response to the readlnroSherco^^^^^^ '^'^ ^^'^ P°««^ "eating 

Km:rfp:cr • t^^^^^ - -0-3 and em«s radiant heat during 

edges, a phenomenon which is knowf ,roZr dutto I ^^^^^^^ T'^ '^""^ °^ ^''^"^W^" at wafer 

edges. By minimizing edge losses and he ate ral|a,rmrS^^ °' ^''^ *° ^"'"-"^ ^^9'°"^ "^ar such 

ring 32 can reduce the rL of crystaltgiphTc s^^^^^^^^^^^ f-^^ 16. the slip 

example, the illustrated slip ring 32 reste upon e bov^^L 1" h h h , ^""P^"^^<^ ^ny suitable means. For 
Chamber divider 38. The dLe'. 36. " ' « 

tain^La?e:rc:r;:::r^^^^^^^^^ 

side of the Chamber 12. with thL "r::::"^.''"^ ^^^^^e'^ therethrough. An outletport 42 isontheoDDostte 
[0030] An inlet comp;nent 50 i^Jed oTrlol c^^^^^^ ^"'^ 
a horizontally elongated slot 52 through which th?wa^^^ P"'* ^"^ '"'''"des 

chemical precursor-containing gases fLTmote sites as wii. K T ^ "'""""^ ^ '^^^ 

andoommunicatessuchgas^L theslmSand the in^^,;r^r T. f' '""^ ^««P«=» "^'StirB 2. 
in U.S. Patent No. 5,22'556. issued HSs e? 1 o^^^^^^^^^^^ 

Application No. 08/637,616 filed AorH 25 ^Sqe ^L hi . ! '^^P^''* *° 21-26 in U.S. Patent 
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Patent No. 4,846,102, the disclosure of which is hereby incorporated by reference. When brought close to the top of 
a wafer surface, the gas sheams create a tow pressure zone above the wafer, causing the wafer to lift. The handling 
chanfiber and the processing chamber 12 are preferably separated by a gate valve (not shown) of the type disclosed 
in U.S. Patent No. 4,828,224, the disclosure of which is hereby Incorporated by reference. 

5 [0033] Figure 2 shows a gas line schematic, in accordance with the preferred embodiment. The reaction chamber 
12 is provided with a source 72 of a first carrier gas and a source 73 of a second carrier gas. Use of a second carrier 
gas Is optional. Reaction chamber 12 is also provided with chemical precursors from sources 70, 71 , 82 and 86. Each 
of the gas sources may be connected to the inlet 54 (Figure 1) via gas lines with attendant safety and control valves, 
as welt as mass flow controllers ("MFCs") which are coordinated at a gas panel. In the illustrated embodiment, source 

10 71 is a bubbler which contains a chemical precursor through which a carrier gas supplied from source 74 is bubbled. 
The use of a bubbler is preferred when the source is a liquid, Gases are communicated to the inlet 54 (Figure 1) in 
accordance with directions programmed into a central controller and distributed into the process chamber 12 through 
injectors. After passing through the process chamber; any unreacted chemical precursors or reaction byproducts are 
exhausted through a pump 88. Preferably, the exhaust system also includes a scrubber (not shown) to condense 

15 environmentally dangerous fumes before exhausting to the atmosphere. 

[0034] PECVD can also be used to deposit the chemical precursors described herein. An exemplary PECVD reactor 
is and Eagle^" reactor, available commercially from ASM Japan K.K., Tokyo, Japan. The Eagle^" reactor is optimized 
for PECVD, but can also be used to deposit films by thennal CVD in accordance with the preferred embodiments. 
Figure 3 is a schematic cross section of an exemplary plasma CVD device according to this embodiment. A plasma 

20 CVD device 300, which is used to form a thin film on a semiconductor wafer 301 or other substrate, comprises a reaction 
chamber 302, a support 303 provided within the reaction chamber to support the semiconductor wafer 301 , a show- 
erhead 304 that is positioned to face the support 303 and is used to jet out chemical precursor-containing gas unifomrily 
onto the semiconductor wafer 301 , and an outlet 320 to exhaust reaction gases and byproducts from the reaction 
chamber 302. 

25 . [0035] On one side of the reaction chamber 302, an opening 31 9 is formed and the reaction chamber is connected 
to a transfer chamber (not shown) to bring a semiconductor wafer or other substrate in and cany it out via a gate valve 
318. 

[0036] The support 303 that is provided within the reaction chamber 302 and is used to place the semiconductor 
wafer 301 is made of anodized aluminum or aluminum alloy and is grounded 327 to constitute one side of an electrode 

30 of plasma discharge. The reaction chamber 302 of the Illustrated embodiment is thus a plasma CVD chamber configured 
for in situ (in chamber) plasma generation. Within the illustrated support 303, a ring-shape heating element 326 is 
embedded and the semiconductor wafer's temperature is controlled at a predetermined temperature using a temper- 
ature controller (not shown). The support 303 is connected to a driving mechanism 325 that moves the support 303 
up and down through a support piston 329. 

35 [0037] Within the reaction chamber 302, the showerhead 304 is provided at a position facing the support 303. In the 
showertnead 304, thousands of fine holes are provided to inject chemical precursor-containing gas onto the semicon- 
ductor wafer 301 . The showerhead 304 is electrically connected to a high-frequency oscillator 308 via matching circuit 

310 and constitutes another electrode of plasma discharge. Gas conduit 311 is used to bring chemical precursor- 
containing gas to showerhead 304 for film fomnation. The number of the gas conduit 31 1 is not limited to one. According 

40 to the type of chemical precursor, the necessary number of gas conduits can be installed. One end of the gas conduit 

311 constitutes a gas inlet port 305 to cause gas to flow in and the other end constitutes a reaction gas exit port 307 
to cause gas to flow out to the showerhead 304. The chemical precursor-containing and carrier gases can be stored 
and introduced to the inlet port(s) 305 by gas lines configured similarly to the gas line schematic shown in Figure 2, 
Along the path of the reaction gas conduit 311, a mass flow controller (not shown) and valve 306 are positioned. 

45 [0038] On the side wall of the reaction chamber 302, an outlet 320 is provided. The outlet 320 is connected to a 
vacuum exhaust pump (not shown) through piping 317. Between the outlet 320 and the vacuum pump, a conductance- 
controlling valve 321 is provided to regulate pressure within the reaction chamber 302. The conductance-controlling 
valve 321 is electrically connected to an external regulator 328, 

[0039] Additionally, a pressure gauge 329 is preferably provided to measure pressure within the reaction chamber 
50 302. This pressure gauge 329 is electrically connected to the regulator 328. An observation window 323 is preferably 
also provided on the side wall of the reaction chamber 302 and a charged coupled device (CCD) detector 322 is 
mounted on the observation window 323. Furthennore, a monitor 324 Is installed on the CCD detector 322. The ob- 
servation window 323 is preferably made of sapphire, but aluminum oxide can also be used. Also, in addition to the 
CCD detector, a photomultiplier tube or a photoelectric converter can also be used. 
55 [0040] As mentioned above, the temi "substrate" as used herein is abroad tenn that is used in its ordinary sense 
and Includes not only the object e.g., wafer, placed into the CVD chamber to receive the film but also coated substrates, 
e.g., substrates onto which one or more films have already been applied. Examples of suitable substrates include 
silicon wafers and glass substrates. 
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Z^ti a 2vD chaZr'« n'^'^f ' Si^ontaining material on a surface is preferably conducted by introducing a 
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1 . Sifoxanes of the formula (R3Si)20 where each R is independently H, D, F, methyl, ethyl or propyl, preferably in 
which at least one R is F, methyl or ethyl, more preferably H3SiOSiH3, H3CSiH20SiH2CH3, and F3SiOSiF3. Sl- 
loxanes contain oxygen atoms and thus can be used without a separate source of oxygen. Preferred siloxanes 
such as H3SIOSiH3 and FsSIOSiFs do not contain any C-H bonds, which tend to be more difficult to eliminate 

5 thennally at low reaction temperatures. Films resulting from siloxanes that contain fluorine atoms tend to have 

lower dielectric constants. Siloxanes are preferred precursors for thermal CVD at temperatures in the range of 
about 300*C to about 700^C. 

2. (Fluoroalkyl)fluorosiloxanes of the formula [((Rf)3.x.yR\Fy)Si]20 where Rj is a perfluoromethyl, perfluoroethyl 
or perfluoropropyl group, Ri lsHorD,xlsOor1,y is1 or2,andx + y= 1 or2, preferably in which Rf istrifluoromethyl, 

10 more preferably F3CSiF20SiF2CF3. (Fluoroalkyl)f luorosiloxanes contain oxygen atoms and thus can be used with- 

out a separate source of oxygen. They also contain fluorine atoms which tend to result in films having lower dielectric 
constants. Preferred (fluoroalkyl)fluorosiloxanes do not contain any C-H bonds, which tend to be more difficult to 
eliminate thennally at low reaction temperatures. (Fluoroalkyl)fluorosiloxanes are preferred precursors for themrial 
CVD at temperattres in the range of about 300''C to about 700^C. 

15 3. (Fluoroalkyl)silanes of the fomnula (Rf)4.aSiR^a where Rf is a perfluoromethyl, perfluoroethyl or perfluoropropyl 

group, R^ is H or D, and a is 0, 1 , 2, or 3, preferably in which R^ is trifluoromethyl, more preferably F3CSiH3; (alky!) 
fluorosilanes of the fomriula R24.|,SiF|, where R2 is methyl, ethyl or propyl, and b is 1, 2, or 3, preferably in which 
R2 Is methyl or ethyl, more preferably CH3SiF3 and CH3CH2SiF3, (Fluoroalkyl)silanes do not contain oxygen atoms 
and thus can be used with a separate source of oxygen. They contain fluorine atoms which tend to result in films 

20 with a lower dielectric constant. Preferred (fluoroall<yl)silanes do not contain any C-H bonds, which tend to be more 

difficult to eliminate thermally at low reaction temperatures. (Fluoroalkyl)silanes are prefen^ed precursors for ther- 
mal CVD at temperatures in the range of about SOO'^C to about 700^*0, 

4. (Fluoroalkyl)fluorosilanes of the formula (Rf)4.c.bSiR^c'^b where Rf Is a perfluoromethyl, perfluorethyl or perfluor- 
opropyl group, R"" is H or D, c is 0, 1 , or 2, b Is 1 , 2, or 3, and c + b = 1 , 2, or 3, preferably in which Rj is trifluoromethyl, 

25 more preferably F3CSiF3. (Fluoroalkyl)fluorosilanes do not contain oxygen atoms and thus can be used with a 

separate source of oxygen. They contain relatively high levels of fluorine atoms which tend to result in films with 
a lower dielectric constant. Preferred {f[uoroalkyl)silanes do not contain any C-H bonds, which tend to be more 
difficult to eliminate thermally at low reaction temperatures. (Fluoroalky()fluorosi!anes are preferred precursors for 
themial CVD at temperatures in the range of about 300 **C to about 700**C. 

30 5. Alkylsiloxysllanes of the fomiula (R3SiO)4^SiRb where each R is independently H, D, F, methyl, ethyl or propyl, 

and b is 1 , 2 or 3, preferably in which each R Is independently H, D, methyl or ethyl, more preferably (CH3)3SiOSiH3. 
Alkylsiloxysllanes contain oxygen atoms and thus can be used without a separate source of oxygen. Alkylsiloxysl- 
lanes are sources of Si, C and O, and are preferred precursors for themia) CVD at temperatures in the range of 
about 300*C to about 700*'C. 

35 6. Alkoxysilanes of the fomiula (R20)4.aSiRia where R2 is methyl, ethyl or propyl, R^ is H or D, and a is 0, 1 , 2, or 

3. preferably in which R^ Is methyl or ethyl, more preferably H3COSiH3. Alkoxysilanes contain oxygen atoms and 
thus can be used without a separate source of oxygen, Alkoxysilanes are sources of Si, C and O, and axe preferred 
precursors for thermal CVD at temperatures in the range of about 300°C to about 700**C. 

7. Alkylalkoxysilanes of the fomiula (R20)4.c.bSiR2i,Rip where each R2 is independently methyl, ethyl or propyl, 
40 Ri is H or D, c is 0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 , 2, or 3, preferably in which R2 is methyl or ethyl, more 

preferably H3COSiH2CH3. Alkylalkoxysilanes contain oxygen atoms and thus can be used without a separate 
source of oxygen. Alkylalkoxysilanes are sources of Si, C and O, and are preferred precursors for thermal CVD 
at temperatures in the range of about SOO'^C to about 700'*C. 

8. Silylmethanes of the formula (H3Si)4.aCR^a where R^ is H or D, and a is 0, 1 , 2, or 3, more preferably (H3Si)3CH 
45 and tetrasilylmethane, (H3Si)4C. Silylmethanes have a central cariDon atom surrounded by one or more silyl groups 

and thus do not contain C-C bonds and contain no or relatively few C-H bonds, both of which tend to be difficult 
to eliminate themnally at low reaction temperature. The chemical properties of these molecules makes them very 
suitable for use as chemical precursors for the synthesis of "carbon-doped Si02" materials that have unique phys- 
ical properties. This arises from the molecular structure of these molecules and their behavior during low temper- 
50 ature CVD. Use of these precursors favors the incorporation of carbon atoms into the resulting film that are bonded 

primarily to silicon atoms, thus decreasing the number of carbon-oxygen bonds. Silylmethanes do not contain 
oxygen atoms and thus can be used with a separate source of oxygen to deposit materials that contain oxygen. 
Silylmethanes are pretended precursors for themial CVD at temperatures in the range of about 300"C to about 
700^C, 

55 9. Alkoxysilylmethanes of the fomnula (R^O)4.jj.5(H3Si)bCR^^. where R^ is methyl, ethyl or propyl, R^ is H or D, c is 

0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 . 2, or 3, preferably in which R^ is methyl or ethyl, more preferably CH3O 
(H3Si)CH2. Alkoxysilylmethanes have a central carbon atom surrounded by one or more silyl groups and one or 
more alkoxy groups. They contain relatively few C-C and C-H bonds, both of which tend to be difficult to eliminate 
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TsZSf Jo^! '^^f °" temperature. Alkoxysilylmethanes contain oxygen atoms and thus can be used without 

ItU™^ rCh oT/f '°r" W^f'^^J^^aSOyCRi, Where each pa Is independent^ methyl, 
ethyl or propyl, is H or D, x is 0 or 1. y is 1 or2, z is 1 or 2, and x + y + z = 2 or 3, preferably in which each R2 

one o mor! Z ' one or more silyl groups .'one or more aikoxy g/oups, and 

e;minl,T?H ^ ^T^""' '""''""'^ ^"^ ^''^ °' ^^'ch tend to be difficult to 

u S w thluT,? '^"^P^^^'"^^- Alkylalkoxysllylmethanes contain oxygen atoms and thus can be 

the,i,« i rvr^ «t t ' r'"" V"^^"- Alkylalkoxysllylmethanes are preferred precursors for PECVD and fo' 
themial CVD at temperatures in the range of about 200»C to about 700«C 

1 1^AIkoxymethanes of the fomiula m^^CR^ where R3 is methyl, ethyl, propyl, or t-butyl R1 is H or D and a 
uled wfh V- '"'''""^ '^"^°>^^^- A'k°»nes comaln'oxygen atoms a nd th s can be 

for themial CVD at temperatures in the range of about 35Cyc to about 600«C 

12Jlkylalkoxymethanes of the fomiula (R30)4,.,R2,CRi, where R3 Is methyl, ethyl, propyl, ort-butyl R2 is methyl 
(S mITSch A.^M.°' ^ • - 2- - ^ . 2, or 3, and c . b = 1 , 2, or 3, prefely (CHj^CH3iTc an^ 

^ "'^^^'^ ^"'^ "'"^ be used without a separate source 

erZr.H^ rT'"""' " °' ^'^'^ "'^S^"' ^0 «>"t«in silicon and^hus are pr^ 
foTf eZ rvn° M ' " ' A'kylalkoxymethanes are preferred precui^ors for PECVD and 

for themnal CVD at temperatures in the range of about 1 SCC to about TOO'C 

used^whtn =17 r °'' T'^ '"^ ^^^^""^-^ ''^^^i"- P^ef^rably, mixtures are 

instanl « T ''"'""'y '"'^'^^ ^'^^ '^^^^^t °' « desired element For 

Lr^«r;h 1 ^""'^'^ "'^ '^^^'■^^'^ be mixed with the othe 

primary chemical precursor to produce a mixture having the desired balance of elements. 

[0046] In addition to one or more primary chemical precursors, the gas can optionally contain one or more secondan/ 

Of one"; mrrr- 7 ""'^""'^ '^"^ ^ --"^^^ '^'^emical precZrsT, he use 

1 h!,17? Of the aforementioned primary chemical precursors does not provide the desired balance of e emente 
the desired film structure, or the desired atom-to-atom bonding in the resulting film, e.g., the desired balance oTsiC 

ane or an alkylalkoxymethane, it is preferable for the gas to also contain a secondary chemical precursTt^lTf a 

e Z ZZ-^7:^.T': 'T'"^ ' P""''^ P^^'^"""^ '^-^ contain oxygen it s p^f! 

Z^^^Z T ^ ^"'^^'V that is an oxygen source. The secondary chernlS.1 

contains hedesiredelement, the gas can furtherinciudeasecondarychemtealprecui^orthat serves as asulle^^^^ 
source of that element in order to further increase the relat«,e amount of that eleme^ln the rei^ftinq f,S Jse o 
mixtures can also enable the deposition of thin film materials with tailored structures and contS at^^J^^^^^^^^^^ 
llZT'l ^''''I'P''^'^ ^ '""portent advantage overspin-on techniques where the products thaUre o be spun 
materials that "T^lT ^°'?°".^^^°"9h themiodynamical^-govemed equilibrium reactions, as op'o ed 1o CVD 
rnatenals that can be synthesized using non-equilibrium, kinetically controlled reactions 

[0047] The desired balance of elements in the film can also be obtained by using a gas that Is substantiallv free of 
p e erable for the secondary chemical precursorto not contain further amounts of that element As an examoTe h a 

sSre to ?ha,'r' " """'If T""' ''''' ^'^^^ or als in tSemrca' 

structure so that the gas need only contain minimal amounts of oxidizing agents, preferably about 1% or less more 

the gas contains a primary chemical precursor that contains one or more oxygen atoms within ite chemicalZcTure 
sucn as oxygen, ozone, hydrogen peroxide, nitrous oxide and water. 

[0048] Preferred secondary chemteal precursors can sen^e as a source of the element or elements that are desirable 
JaneandUisilane,carbonsourcessuchasmethane,ethane,propaneandbutane,ando 

lZl'r^^y"7"'"T' " ''"""'"^ PrecursorcarTbe a source 71*^0^ 

elements e.g., chemical precursors such as methylsilane, dimethylsilane, trimethylsilane tetramethyisllanrsilv rJSh 
ane^ disi^lmethane. trisilylmethane. and letrasi^lmethane can be a source of both silicon arcaSn ' ' 
10049] Chemical precursors may be purchased from commerdal sources or synthesized by methods well-known to 
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those skilled in the art. Alkoxysilylmethanes and alkylalkoxysilylnnethanes are preferred primary chemical precursors 
and, In a preferred embodiment, processes for making them are provided. These processes preferably comprise re- 
acting a halogenated precursor with a Si-containing reagent. In one such process, alkoxysilylmethanes of the formula 
{R20)4.c-b{'^3Si)bCR''c where R2 Is methyl, ethyl or propyl, is H or D, cis 0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 , 2, 
5 or 3, are preferably synthesized by a metathesis reaction by reacting the con-esponding halogenated alkoxymethane 
(R20)4.g.bXi,CRic with a silyl salt MSiHa, where X Is a halogen selected from CI, Br, and (, and M is a metal selected 
from Li, Na, K, and Cs, with K preferred. A specific example Is the synthesis of dimethoxydlslylmethane from dlmeth- 
oxydlchloromethane and potassium sllyl: 

10 

(H3CO)2CCl2 + 2 KSIH3 ^ (H3CO)2C(siH3)2 + 2 KCI (1) 



[0050] These reactions are preferably conducted by combining the reagents In an ether solvent cooled to -40 that 
Is contained in a reaction vessel that Is filled with pure, dry nitrogen and connected to an exhausted pressure relief 

^5 bubbler. A typical reaction involves the dropwise addition of a solution of dimethoxydichtoromethane in diethyl ether 
to a stoichiometric mixture of potassium silyl in diethyl ether that is stirred with a glass coated magnetic stir bar. Other 
suitable solvents include dibutyl ether, ethylene glycol dimethyl ether (glyme), diglyme and tetraglyme. During the 
addition of the dimethoxydichloromethane, the temperature of the mixture should be maintained at about -40 '^C. The 
mixture can then be allowed to slowly wamri to room temperature with constant stirring. The crude dlsilyldlmethoxymeth- 
ane produced during the reaction can be Isolated from the bulk of the solvent by vacuum distillation, using distillation 
techniques appropriate to the solvent employed (i.e. vacuum distillation, conventional distillation under a pure nitrogen 
atmosphere or reduced pressure distillation). The product can be characterized using Fourier-Transfonn Infrared spec- 
troscopy (FTIR), NMR and ''^c NMR. Appropriate safety precautions must be exercised for reactions involving 
potentially dangerous materials, e.g. pyrophoric gases such as silane or disllane. 

25 [0051 ] In another such process, alkoxysilylmethanes of the formula (R^O)^^, bC^s^Ob^'^^c where R2 Is methyl, ethyl 
or propyl, R"" is H or D, c Is 0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 , 2, or 3, are preferably synthesized by reacting the 
corresponding halogenated alkoxymethane (R20)4.c.bX|,CR^p with disilane H3SISiH3, where X is a halogen selected 
from CI, Br, and I. A specific example is the synthesis of methoxydisilylmethane from methoxydifluoromethane and 
disllane: 

30 

(H3CO)CHF2 + 2 (H3SiSiH3) (H3CO)CH(SiH3)2 + 2 FSIHg (2) 



[0052] These reactions are preferably conducted by combining the reagents in an ether solvent cooled to about -78 
**C that is contained in a reaction vessel that is filled with pure, dry nitrogen and connected to an exhausted pressure 
relief bubbler. A typical reaction involves the dropwise addition of a solution of dimethoxydifluoromethane in diethyl 
ether to a stoichiometric soluition of disilane in diethyl ether that is stirred with a glass coated magnetic stir bar. Other 
suitable solvents include dibutyl ether, ethylene glycol dimethyl ether (glyme), diglyme and tetraglyme. During the 
addition of the dimethoxydifluoromethane, the temperature of the mixture should be maintained at about -78 *C. The 
mixture can then be allowed to slowly warm to room temperature with constant stirring and then stirred for an additional 
5 hours. The crude disllyldimethoxymethane produced during the reaction can be Isolated from the bulk of the solvent 
using appropriate vacuum distillation techniques. All appropriate safety precautions must be exercised during the sep- 
aration of the product from any unreacted disilane because it is a pyrophoric gas. Likewise, great care must be exercised 
in Isolating the product from the fluorosilane byproduct because it Is also a pyrophoric gas. The product can be purified 
using distillation techniques appropriate to the solvent employed (i.e. vacuum distillation, conventional distillation under 
a pure nitrogen atmosphere or reduced pressure distillation). The product can be characterized using Fourier-Transform 
infrared spectroscopy (FTIR), *H NMR and ^^C NMR. Appropriate safety precautions must be exercised for reactions 
Involving potentially dangerous materials, e.g. pyrophoric gases such as fluorosilane or disilane. 
[0053] In another such process, alkylalkoxysilylmethanes of the fonnula (R^0)4.x.y. zR22(H3Si)yCR\ where each R2 
Is independently methyl, ethyl or propyl, R^ is H or D, x is 0 or 1 , y Is 1 or 2, z Is I or 2, and x + y + z = 2 or 3, are 
preferably synthesized by a metathesis reaction by reacting the corresponding halogenated alkylalkoxymethane 
(R20)4,xyz'^^z^y^f^\ With a sllyl salt MSiHg, where X is a halogen selected from CI, Br, and I, and M is a metal selected 
from Li, Na, K, and Cs, with K preferred. A specific example is the synthesis of methyldimethoxysllylmethane from 
methyldimethoxychloromethane and potassium silyl: 

(H3C)(H3CO)2CCI + KSIH3 -> (H3C)(H3C02C(SIH3) + KCI (3) 
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1^11 • T^^^^.^^^ctions are preferably conducted by combining the reagents in an ether solvent cooled to about -40 

rSw K KK? J? f "^^^^^ ^^"^^ P"'®' ""^°9®" connected to an exhausted pressure 

il?^? »yP"=«l/^««=tion involves the dropwise addition of a solution of dimethoxy(methyl)chloromethane in 
f ir 2 °f potassium silyl in diethyl ether that Is stirred with a glass coated magnetic 

S rinn ,?i 1"!^ ff^!^^ ''''y'^"^ Sly^' ^""^"^y (9ly"ie), diglyme and tetraglyme. 

K ^ dimethoxy(methyl)chloromethane. the temperature of the mixture should be maintained at 

?mhL ?H J^^,"'';^ /^a" t"^^" ''^ t° Slowly wami to room temperature with constant stirring. The crude 

silyldimethoxy(methyl)methane produced du ring the reaction can be isolated from the bulk of the solvent usina aporo- 
priate vacuum distillation techniques. The product can be purified using distillation techniques appropriate to the solvent 
employed (re^ vacuum distillation, conventional distillation under a pure nitrogen atmosphere or reduced pressure 
d stn^ation). The product can be characterized using Fourier-Transform infrared spectroscopy (FTIR) "H NMR and 13C 
r«n=« r"""^!* precautions must be exercised for reactions involving potentially dangerous materials 
[0055] lnanothersuchprocess,alkylalkoxysilylmethanesofthefonnula(R20)4.^„ .R2o(H,SI)„CRi whereeachR2 
.s independent^ methyl, ethyl or propyl, Ri Is H or D, x is 0 or 1 , y is 1 or 2, 2 is Tor 2? and x^y t z =?or 3 are 
preferab^ synthesized by reacting the corresponding halogenated alkylalkoxymethane (RZO)^., , ,R2 JC,CRi with dis- 

oxysilylmethane from methylmethoxychloromethane and disllane: 



(H3C)(H3CO)CHCI + HgSiSiHa (H3C)(H3CO)CH(SiH3) + CISiHg (4) 

I0056J These reactions are preferably conducted by combining the reagents in an ether solvent cooled to about -78 

rSillh hK?" aT "! ^ "^^^^ ^^^^ P"^^' connected to an exhausted pressure 

rehef bubbler. A typical reaction involves the dropwise addition of a solution of methoxy(methy l)chloromethane in diethyl 
! S° ^ ^ °' «^isllane in diethyl ether that is stirred with a glass coated magnetic stir bar. Other 

aSn oft! Ik ; t^M ""''''y' '9^'"^)' '^'S'V^^ ^""^ t^^'^^'V^^^- during the 
addition of the methoxy(methyl)chloromethane, the temperature of the mixture should be maintained at about -78 'C 

mS'^r" ^ *° ""^"^ "^"^ ^° temperature with constant stirring and then stirred for an 

additional 5 hours. The crude silylmethoxymethane produced during the reaction can be isolated from the bulk of the 
solvent using appropriate vacuum distillation techniques. All appropriate safety precautions must be exercised dinina 
the separation of the product from any unreacted disllane because it is a pyrophoric gas. Likewise, great care must be 
exerc|sed in isolating the product from the chlorosilane byproduct because it is a pyrophoric gas. The product can be 
punfied using distillation techniques appropriate to the solvent employed (i.e. vacuum distillation, conventional distil- 
SJx V"'^- T°^r ^^"^P*"^'^ °' ^^'^"'^^'^ pressure distillation). The product can be characterized using 
Ir^ZJ T '"'.'^'^J' spectroscopy (FTIR), 1H NMR and "c NMR. Appropriate safety precautions must be ex 
ercised for reactions involving potentially dangerous materials, e.g. disllane and chlorosilane 
[0057] The Si-containing films that are deposited by the processes described herein preferably contain Si C and O 
and preferably have a dielectric constant of about 3.5 or lower, morepreferably about 3.0 or lower, even more preferably 
K^.c /I T''/"°^*''?'!'^"y^''''"'^-^°''°**^' Dielectric constant is preferably determined on an "as deposited" 
basis. Further treatment of the as-deposited film may be conducted but, unlike spin-on processes, further treafrnent is 
generally not required In order to lower the dielectric constant or produce a themially stable product 
ini rL ^ ^J^l^"^u a P^o'^^ss is provided for making a multi-layered Si-containing film by depositing 

Where the substrate .s disposed within the chamber A first gas comprised of a first chemical precursor, preferably a 
pnmarychemcalprecureor as described elsewhere herein, is Introduced to the chamber, and a first Si-containing fHm 

comZ n H r'^'' '° '""^ ^^"^ ^^^-^^^^ ^"-^ a second film preferably a Si- 

conta ning film, is deposited onto the first Si-containing film to form a multi-layered Si-containing film 

S Jh^ deposition conditions for each layer of the multi-layer film are preferably within the ranges described 
elsewhere herein for the deposition of a Si-containing film. For any particular multi-layer film, the deposition conditions 

™^ P„ . l^^V ^'^ '"^'^'^"'y ''""^ '^^P°"'«°" '^""'^'"""s used to deposit the first Si-containing 

film. For instance, two layers can be deposited sequentially by thenTial CVD, the first layer using a firet chemical pre 

natively, the first layer can be deposited by themial CVD and the second layer by PECVD or vice versa 
[0060] Preferably the second chemical precursor is different from the first chemical pr^ursor used to deposit the 
first S.-conta.n.ng film. The second chemical precursor can be "differenr from the first chemical precursor in various 
ways, For instance, the second chemical precursor is different from thefirstchemicalprecursor if it isadifferent chemical 
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species e.g., if it has a different chemical structure, Also, since a chemical precursor can consist of a mixture of one 
or more chemical precursors, the second chemical precursor is different if it contains the same chemical precursors 
as the first chemical precursor but the relative amounts of each precursor within the mixture are not the same. 
[0061 ] Each layer of the multi-layer film has an overall elemental composition. Preferably, the elemental composition 

s of each layer is substantially different from that of any adjacent layer or layers in contact with it. In this context, the 
elemental composition of a layer is "substantially different' from an adjacent layer if the carbon, silicon, oxygen or 
fluorine content differs by 5% or more. For example, if a first layer contains 10% fluorine by weight based on total 
weight of the first layer, then an adjacent second layer that contains 20% fluorine by weight based on total weight of 
the second layer has an elemental composition that is substantially different from the first layer because the fluorine 

10 content differs by 1 0%. 

[0062] Each layer of the multi-layer film has a dielectric constant. Preferably, the dielectric constant of each layer is 
substantially different from that of any adjacent layer or layers in contact with it. In this context, the dielectric constant 
of a layer is "substantially different" from an adjacent layer if the dielectric constant differs by 0.1 or more. For example, 
if a first layer has a dielectric constant of 3.0, then an adjacent second layer that has a dielectric constant of 2.8 is 

15 substantially different from the first layer because the dielectric constant value differs by 0.2. 

[0063] Additional layers can be deposited in a similar manner to produce films having numerous layers, e.g. 3, 4, 5, 
or even 1 0 or more layers. For instance, in a preferred embodiment, a third gas comprised of a third chemical precursor, 
different from the second chemical precursor, is introduced to the chamber, and a third film is deposited on the second 
film to provide a multi-layered Si-containing film having at least three layers. Preferably, each layer of the multi-layer 

20 film individually has a dielectric constant of about 3.5 or lower, more preferably about 3.0 or lower, even more preferably 
about 2.7 or lower, most preferably about 2.5 or lower, as deposited. Preferably, each layer within the multi-layer film 
has a thickness in the range of about 50A to about 5000A. more preferably about 1 50A to about 2500A. In a preferred 
embodiment having three layers, the middle layer Is the thickest of the three layers and has the lowest dielectric constant 
of the three layers. The two outer layers are thinner and have a higher dielectric constant, but exhibit better adhesion 

25 to other structures within the device, as compared to the middle layer. Preferably one or more of the individual layers 
of the multi-layer film is deposited by themial CVD at a temperature of about 300^C or higher, more preferably at a 
temperature in the range of about 350^*0 to about 700^*0, even more preferably at a temperature in the range of about 
400'C to about SSC^C. 

[0064] The multi-layered Si-containing film preferably has a dielectric constant of about 3.5 or lower, more preferably 
30 about 3.0 or lower, even more preferably about 2.7 or lower, most preferably about 2.5 or lower. Dielectric constant is 
preferably measured by the parallel plate capacitance-voltage method, at a measurement frequency of 1 MHz. The 
thickness of the multi-layered film can range from about lOOA to 30,000A, more preferably from about 150A to about 
20,000A, even more preferably from about 200A to about 1 0.OOOA. Thickness and refractive index are both preferably 
measured by optical techniques, preferably spectroscopic ellipsometry. 
35 [0065] A multi-layered film having a graded interface between one or more layers can be made by continuous vari- 
ation of a deposition parameter e.g., by continuously varying the partial pressure of the first gas from its maximum 
value to zero, while the partial pressure of the second gas is increased from zero to the value used to deposit the 
second film layer. Multi-layered films can be slightly more complicated to deposit than a corresponding single layer 
film, but multi-layered films can provide better performance characteristics that justify the additional effort. For instance, 
40 a f luorinated film may provide the desired low dielectric constant, but the presence of the fluorine in the film may reduce 
the adhesion of the film to the substrate onto which it is deposited and/or to any material that is subsequently deposited 
on the f luorinated film. 

[0066] Adhesion can be improved as illustrated in the multi-layer film 400 shown in Figure 4 (not to scale) by depos- 
iting a first layer 41 0 onto the substrate 420 using a gas mixture that results in first layer 41 0 having an initial composition 

45 430 in contact with substrate 420 that provides good adhesion to substrate 420, then varying the composition of the 
first gas until it matches the composition of the second gas that is used to subsequently deposit a fluorinated film 440. 
This variation in the gas composition causes the resulting first layer 410 to vary in composition from the initial compo- 
sition 430, which preferably contains a relatively high level of silicon and a relatively low level of fluorine, to a more 
fluorinated composition 450. The first layer 410 thus provides adhesion between the fluorinated film 440 and the sub- 

50 strata 420 because it exhibits good adhesion to the substrate and the more highly fluorinated film. The improved ad- 
hesion to the fluorinated film arises from the elimination of a discrete interface between the two layers and a gradual 
change In elemental composition across the boundary region between the two films that promotes the fomriation of 
chemical bonds. The first layer 410 is preferably relatively thin, e.g., 50A, and the second fluorinated film 440 relatively 
thick, e.g. 2000A, so that the overall dielectric constant of the multi-layer film 400 is primarily controlled by the dielectric 

55 constant of fluorinated layer 440, not by the higher dielectric constant of first layer 41 0. 

[0067] Preferably, for a multi-layer film comprised of two layers, the first layer is preferably comprised of an amount 
of silicon in the range of about 1% to about 60 %, an annount of carbon in the range of about 10% to about 90%, an 
amount of oxygen in the range of 0 % to about 35%, and an amount of fluorine in the range of 0% to about 67%, more 
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15 



20 



25 



mentary composition that is substantially different from the first layer. 

Ki ^ <=o^Prised of three layers, the first two layers can be as set forth above for the mulii 

00/ n . ^t' ! ^^"^ '^"^^ °' 1 0"/' «° ^''O"^ 90%. an amount of oxygen in the ranae of 

0 /o to about 35%, and an amount of fluorine in the ranae of 0% to ahmit fiw i„ » . "A/aen in me range OT 



30 



Table 1 







%Si 


%C 


%0 


%F 


Film A 


Layer 1 


10-90 


10-70 


5-35 


0-1 




Layer 2 


MO 


15-40 


1-15 


50-70 




Layer 3 


10-90 


10-70 


5-35 


0-1 


FilmB 


Layer 1 


20-90 


10-70 


5-35 


0-1 




Layer 2 


10-70 


10-70 


5-35 


0-1 




Layer 3 


1-5 


15-40 


1-15 


50-70 




Layer 4 


10-35 


10-70 


5-35 


0-1 




Layer 5 


20-90 


10-70 


5-35 


0-1 



^^IinJ"^!^ °' parameters in the processes described herein may be varied independently over a broad ranae 
and in any order in a manner that is effective to achieve the desired low-k film Fnr inctan^o „ . J ^ 

precursors or carrier gases can be intemiixed prior to im'odS h^^^^^^^^ 
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wide range of low-k dielectric materials that will have dielectric constants much less than that of silicon dioxide. Improved 
integration with other process steps within the semiconductor manufacturing process may also be achieved. 

EXAMPLES 

5 

[0074] Dielectric constant in the following examples is measured by the parallel plate capacitance voltage method. 
Film thickness and refractive index are both measured simultaneously by spectroscopic ellipsometry. 

Example 1 

10 

[0075] A Si-containing film having a low dielectric constant is deposited onto a substrate using thermal CVD as 
follows: A Si(1 00) wafer is introduced into the reactor chamber of an Eagle 1 0^^ reactor system where it is placed upon 
a resistively heated susceptor. The temperature of the wafer is increased, under a flow of 10 SLM (standard liter per 
minute) nitrogen and a reactor pressure of 30 Torr, until it is stabilized at 500*'C, as measured via a thermocouple 

IS contact within the susceptor block.. A film comprised of silicon, carbon, hydrogen and oxygen is then deposited using 
disiloxane, (H3Si)20 and dimethoxydimethylsilane, (H3CO)2Si(CH3)2, as the precursors. This is accomplished by in- 
troducing 30 SCCM (standard cubic centimeter per minute) disiloxane gas and 300 SCCM dimethoxy(dimethyl)silane, 
diluted In a flow of 1 0 SLM nitrogen carrier gas into the reactor chamber and exposing it to the heated Si(1 00) substrate 
surface at a reactor pressure of 30 Ton^. The gas is introduced into the reactor chamber for a total of 20 minutes to 

20 deposit a film having approximate composition Si^2^24^i2'~'52 ^ thickness of about 1 0,000 A onto the Sl(1 00) 
substrate. The dielectric constant of the film is 2.7. 

Example 2 

25 [0076] A multi-layer Si-containing film having a low dielectric constant is deposited onto a substrate using thermal 
CVD as follows: A Si(100) wafer is introduced into the reactor chamber of an Eagle 10^*^ reactor system where it is 
placed upon a resistively heated susceptor. The temperature of the wafer is increased, under a flow of 1 0 SLM nitrogen 
and a reactor pressure of 30 Torr, until it is stabilized at 450^*0, as via a thermocouple contact within the susceptor 
block. A first film comprised of silicon, cartDon, and hydrogen is then deposited using disilylmethane, (H3Si)2CH2, by 

30 Introducing a flow of 50 SCCM of disilylmethane diluted in 1 0 SLM argon Into the reactor at a pressure of 20 Torr. The 
deposition is conducted for 0.5 minute to deposit a film of approximate composition Si4oC2oH4o having a thickness of 
80 A and a dielectric constant of 3.9. The disilylmethane flow is then temriinated and the reactor chamber is purged 
using 1 0 SLM nitrogen at a chamber pressure of 20 Torr for 1 0 s. A second film comprised of silicon, carbon, hydrogen 
and oxygen is then deposited onto the first film using disiloxane, (H3Si)20 and dimethoxysilane, (H3CO)2SiH2, as the 

35 precursors. This Is accomplished by introducing 10 SCCM disiloxane gas and 200 SCCM dimethoxysilane, diluted In 
a flow of 1 0 SLM argon carrier gas into the reactor chamber and exposing it to the heated substrate surface (first film) 
at a reactor pressure of 20 Ton". The gas is introduced into the reactor chamber for a total of 20 minutes to deposit a 
second film having approximate composition Sii3C350iiH4^ and a total thickness of 10,000 A onto the first film. The 
dielectrk: constant of the second film is 2.6. The disiloxane and dimethoxysilane flows are then terminated and the 

40 reactor chamber is purged using 1 0 SLM nitrogen at a chamber pressure of 20 Torr for 1 0 seconds. A third film is then 
deposited in a manner identical to the first film to deposit 80 A of a film having the approximate composition SI40C20H40 
onto the second film, the third film having a dielectric constant of 3.9. The dielectric constant of the total filmstack is 2.63. 

Example 3 

45 

[0077] A multi-layer Si-containing film having a graded interface between layers and a low dielectric constant is 
deposited onto a substrate using thermal CVD as follows: A Si(IOO) wafer is introduced into the reactor chamber of 
an Eagle lO'^" reactor system where it is placed upon a resistively heated susceptor. The temperature of the wafer is 
increased, under a flow of 1 0 SLM nitrogen and a reactor pressure of 20 Torr, until it is stabilized at SSO'^C, as measured 

50 via a thennocouple contact within the susceptor block. A first film comprised of silicon, cari!}on, and hydrogen is then 
deposited using disilylmethane, (H3Si)2CH2, by introducing a flow of 50 SCCM of disilylmethane diluted in 10 SLM 
argon into the reactor at a pressure of 20 Torr. The deposition is conducted for 0.5 minute to deposit a film of approximate 
composition Si4QC2oH4o having a thickness of 80 A and a dielectric constant of 3.9. The disilylmethane flow is then 
ramped from 50 SCCM to 0 SCCM over a period of 1 0 seconds, while a flow of disiloxane is ramped from 0 SCCM to 

55 20 SCCM and a flow of 1 ,2-bis-trifluoromethyldisiloxane, ((CF3)2HSi)20 is ramped from 0 SCCM to 50 SCCM. At the 
end of 10 seconds, the disiloxane flow is terminated, while the 1,2-bis-trifluoromethyldisiloxane is ramped further to 
200 SCCM over a period of 20 seconds. This ramping of the flow rates results in a graded composition film structure 
between the first layer and the next layer to be deposited, thereby eliminating a discrete interface between the two 
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f H T I^T"^®** °' ""orine and oxygen is then deposited using the 200 SCCM flow of 

mfn'Si. ^dirf 'r^'"' ™' ''^ '"^^'^^'^^^ '"'^ '^h' mber for a total of 10 

lon^m^'^ H ,11 ^"'"^ composition Si,oC2,05Fe4 and a total thickness of 10.000 A onto the graded compo- 
sition film. The dielectnc constant is 2.4. 



Example 4 



[0078J A Si{1 00) wafer is introduced into the reactor chamber of an Eagle 1 Qtm reactor system where it is oiaced 
upon a res.st.vely heated susceptor. The temperature of the wafer is increased, under a flow of 10 SLM ni^^gS 

block. A first f m comprised of sHicon. carbon, and hydrogen is then deposited using disilyimethane (H,Si),CHo bv 
ffl^"^^ °' disilyimethane diluted in 1 0 SLM argon into the reactor at'a pressureStr The 
depositK^n .s conducted for 0.5 min to deposit a film of approximate composttlon Si^C^oH^o having a thickness of 80 
A and a dielectnc constant of 3.9. The disilyimethane flow Is then ramped from 50 SCCM to 0 SCCM oma peri^ o, 
loxaTS : HSif Sr °' ciisiloxane is ramped from 0 SCCM to 20 SCCM and a flow of 1 .S-b^trc^i^Ss 
loxane ((CFajaHSDaO is ramped from 0 SCCM to 50 SCCM. At the end of 1 0 seconds, the disiloxane flow is terminated 
whHe t e 1 ,2-b,s.trmuoromethyldisiloxane is ramped further to 200 SCCM over a period of 20 secondr Smpfng 

and oil 71"^' '"''^r ^ ^^'^""'^ '""^ '^^•^P"^-^ °' carbon, nuorine 

and oxygen IS then deposited using the 200 SCCM flow of 1 ,2-bis-trifluoromethyldisiloxane as the pr;cursor This qas 

IS introduced into the reactorchamber for atotal of 10 minutes, afterwW 

and a ota thickness of 10.000 A. is deposited onto the graded composition film. The dielectric consten is 1 4%,^ 
t im« Tn is then ramped to 50 SCCM over a period of 1 0 seconds «Sh 

me a tow of 20 SCCM of disiloxane and 50 SCCM of disilyimethane are introduced into the reactor charnberThe 

the flow of disilyimethane is kept at 50 SCCM. The disilyimethane is then used to deposit a film having approximate 



Example 5 



fS, J^^ ""'""^'"^ dangerous materials and should onV be conducted on a small scale by trained 

ind,v,dualsusmgappropnatesafetyprecautions.Asampleofdimethoxysliylmethane(l),(H3COWH3Si)CH ispreprred 
CoTcCimHrs:'^/?'' ^f;"3 ri, ..o^^,,,,,),,,,^^, (H3C0),CC, H V^as follows- A soS 0 

w«l k ilttr ^ ? '° '^'^ resulting mixture is allowed to 

pass ng the volatiies through traps maintained at -40'C and -196'C. Crude (I) is collected in the -40 "C trap L a 
color^ss mobile l^uid. The crude product is further purified via distillation under pure, dry nitrogen to 5el5 Jure 
(I). The compound is characterized by FTIR. iH NMR and 13C NMR. elemental analysis and GC-MS. 

Example 6 

E. J^^ '"""""'"^ '"""'"^^ dangerous materials and should only be conducted on a small scale by trained 

mdmduals using appropnatesafety precautions. Methoxy(methyl)silylmethane(ll),(H3CO)(H3C)(H3Si)CHispr^^^^^^ 
S S'cShhi?'' "3andme«,oxy.ethyl(chloro)methane, (H3CO)/h c^jccl^^l^fofoiS^A soTZ o 
?siH flf n 1 o?^ ^ n« T'^ ^° ^^•'^y' ^^'^^^ ^^"P*^*^^- ""''^ constant stirring, to a mixture of 

KSiH3(1.34g 19.1 mmol)and100mldiethyl ether cooled to-40°C over thirty minutes. The resulting mi«ure is aliow^ 
to warn, Slowly to room temperature and stirred for an additional 5 hours. The bulk of the soh^ent fe removrin ^c!^ 
by passing the volatiies through traps maintained at -40 -C and -1 96 -C. Crude (II) fe coltected i thL ^Jo' C tmr^^^ 

^°hL° ™ 'T- ^« '^'«""««°" ""'^^ P"-- '^•V nitrog n to yield pTel 

l^^r^Z l^'^T^'^^ " NMR. elemental analysis and GC-MS ^" 

Cntt ^'^^'"^ "'^^^'^ °f '=^'*^i" P^efe^^d embodiments, other em- 

bodiments wi become apparent to those of ordinary skill in the art in view of the disclosure herein. Acco dingly the 
s teTb rltT^^^ notimended to be limited by the recttatlon of preferred embodiments, but Is intended to be died 
solely by reference to the appended claims. 
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Claims 

1 . A thermal chemical vapor deposition process for depositing a Si-containing material on a surface, comprising 

s providing a chemical vapor deposition chamber having disposed therein a substrate. 

introducing a gas to said chamber, wherein said gas is comprised of a chemical precursor selected from the 
group consisting of a compound containing at least one silicon atom and at least one carbon atom and a 
compound containing at (east one carbon atom and at least one oxygen atom. 

depositing a Si-containing film onto said substrate by thermal chemical vapor deposition, wherein said Si- 
10 containing film has a dielectric constant of less than 3,0, as deposited. 

2. The thermal chemical vapor deposition process of Claim 1 wherein said temperature is greater than about aoC^C. 

3. The thermal chemical vapor deposition process of Claim 1 wherein said temperature is in the range of about 350^C 
15 to about 700"C, 

4. The thermal chemical vapor deposition process of Claim 1 wherein said temperature is in the range of about 400^C 
to about 550^C. 

20 5. The thennal chemical vapor deposition process of Claim 1 wherein said Si-containing film has a dielectric constant 
of about 2.7 or lower. 

6. The thermal chemical vapor deposition process of Claim 1 wherein said Si-contalning film has a dielectric constant 
of about 2.5 or lower. 

25 

7. The thermal chemical vapor deposition process of Claim 1 wherein said gas does not contain an oxidizing agent. 

8. The themnal chemical vapor deposition process of Claim 1 wherein said chemical precursor is selected from the 
group consisting of 

30 

siloxanes of the fomriula (R3Si)20 where each R is independently H, D, P, methyl, ethyl or propyl, 
(fluoroalkyl)fluorosiloxanes of the formula [((Rf)3.x-yR\Fy)Si]20 where R, is a perfluoromethyl, perfluoroethyl 
or perfluoropropyl group, RMs H or D, x is 0 or 1 , y is 1 or 2, and x + y = 1 or 2, 

{fluoroalkyl)silanes of the fomnula (Rf)4.uSiR^u where R, is a perfluoromethyl, perfluoroethyl or perfluoropropyl 
35 group, Ri is H or D, and a is 0, 1 , 2, or 3, 

(alkyl)fluorosilanes of the fomnula RS^^SiF^ where R^ is methyl, ethyl or propyl, and b is 1 , 2, or 3, 
(fluoroalkyl)fluorosilanes of the fonnula (Rf)4.c-bSiR''c^b where Rf is a perfluoromethyl, perfluorethyl or per- 
fluoropropyl group, is H or D, c is 0, 1 , or 2, b Is 1 , 2, or 3, and c + b = 1 ,2, or 3, 

ail<ylsiloxysilanes of the formula (R3SIO)4.bSiR5 where each R is independently H, D, F, methyl, ethyl or propyl, 
^0 and b is 1 , 2 or 3, 

alkoxysilanesof thefomiula (R20)4.aSiRia where R2 Is methyl, ethyl or propyl, W is H or D, and a is 0, 1 , 2, or 3. 

alkylalkoxysilanes of the formula (R20)4.j..ijSiR2jjRi^ where each R^ is independently methyl, ethyl or propyl, 

R1 is H or D, c is 0, 1 , or 2, b Is 1 , 2, or 3, and c + b = 1 , 2, or 3, 

silylmethanes of the formula {H3Si)4.aCR^a where R"" is H or D, and a is 0, 1 , 2, or 3, 
^5 alkoxysilylmethanes of the formula (R20)4.c.b(H3Si)bCR''c where R2 is methyl, ethyl or propyl, R^ is H or D, c 

is 0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 , 2, or 3, 

alkylalkoxysilylmethanes of the formula (R20)4,x.y.2R2^(H3Si)yCR\ where each R2 is independently methyl, 
ethyl or propyl, R^ is H or D, x is 0 or 1 , y is 1 or 2, z is 1 or 2, and x+y + z = 2or3, 
alkoxymethanes of the formula (R30)4.aCR''a where R^ is methyl, ethyl, propyl, or t-butyl, R^ is H or D, and a 
50 isO, 1,2, or3, 

alkylalkoxymethanes of the fonnula (R30)4,c.bRS>CR^c where R3 is methyl, ethyl, propyl, or t-butyl, R2 Is me- 
thyl, ethyl or propyl, R^ is H or D, c is 0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 , 2. or 3, 
and mixtures thereof; 

55 9. The thennal chemical vapor deposition process of Claim 8 wherein said first chemical precursor is selected from 
the group consisting of 

a siloxane of the fonnula (1-1381)20, 
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a siloxane of the formula (RgSOgO in which at least one R is F, 

a siloxane of the fomnula (R3Si)20 In which at least one R Is methyl or ethyl 

a (fluoroalkyl)fluoroslloxane of the formula [({Rf)3.x.yR^Fy)SI]20 in which R, is trifluoromelhyl 

a (fluoroalkyl)silane of the formula (R,)4.aSiRib In which R, Is trifluoromethyl. 

an (alkyl)fluorosllane of the fomriula R^^^SiFb in which R2 is methyl or ethyl! 

a (fluoroalkyl)fluorosllane of the fonnula {Rf)4.c.bSiR^Fb In which R, is trifluoromethyl. 

an alkylsiloxysllane of the formula (R3SiO)4.bSiRb in which each R Is independently H, D. methyl or ethvl 

an alkoxysilane of the fomiula (R20)4.^,SiRic in which R2 is methyl or ethyl 

an alkylalkoxysilane of the fomiula (R20)4.,^SiR2,Ri^ m which each R2 is independently methyl or ethyl 
an alkoxysilylmethane of the fomiula {R20)4^b(H3Si)bCRi, in which R2 is methyl or ethyl, and 
analMalkoxysllylmethaneoftheformula(R 

10. A themial chemical vapor deposition process for depositing a Sl-containing material on a surface, comprising 

providing a chemical vapor deposition chamber having disposed therein a substrate 

introducing a gas to said chamber, wherein said gas is comprised of a first chemical precursor selected from 

the group consisting of 

siloxanes of the fomiula (RaSOgO where each R Is independently H. D, F, methyl ethyl or propyl 
(fluoroalkyl)fluorosiloxanes of the formula [({R,)^x-yR^Fy)Si]20 where R, is a perfluoromethyl, perfluoroethyl 
or perfluoropropyl group, RMs H or D, x is 0 or 1 , y is 1 or 2, and x + y = 1 or 2 

(fluoroali^l)silanes of the fomiula (Rf)4.„SiRi„ where R, is a perfluoromethyl, perfluoroethyl or perfluoropropyl 
group, Ri is H or D. and a is 0. 1 , 2, or 3, 

(alkyl)fiuorosilanes of the fonnula R24^SiFb where R2 is methyl, ethyl or propyl, and b is 1 2 or 3 
{fluoroalkyl)fluorosilanes of the formula (Rf)4-c-bSiR^Fb where R, is a perfluoromethyl. perfluorethyl or per- 
fluoropropyl group. Ri is H or D, c is 0. 1 , or 2, b Is 1 . 2, or 3, and c + b = 1 , 2, or 3 
alkylslloxysilanes of the formula (R3SiO)4.bSiRb where each R is independentlyH. D.' F. methyl, ethyl or propyl 
and b is 1 , 2 or 3, ' j f fi i 

alkoxysllanes of the fomiula 

where R2 is methyl, ethyl or propyl, Ri is H or D, and a is 0, 1 , 2, or 3, 
alkylalkoxysilanes of the fonnula 

(R»0)*^SiR'iR', 

where each R2 is independently methyl, ethyl or propyl, Ri is H or D, c is 0. 1 , or 2. b is 1 . 2, or 3. and c + b 
— 1 , 2. or 3, 

silylmethanes of the formula 



(ftSiUCR'. 



where Ri is H or D, and a is 0. 1 , 2, or 3. 
alkoxysilylmethanes of the fonnula 



(R=0)4^b(H3SiXC[R». 



where R2 is methyl, ethyl or propyl, Ri is H or D, c is 0, 1 , or 2, b Is 1 , 2, or 3. and c + b = 1 2 or 3 
alkylalkoxysilylmethanes of the fomiula (^^0)^,,,.,R^(H^S\)^CR\ where each R2 is independently methyl, 
ethyl or propyl, R^ is H or D. x Is 0 or1. y Is 1 or2. 2, z is 1 or2. andx + y + z = 2 or3 
alkoxymethanes of the formula 
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where R3 is methyl, ethyl, propyl, or t-butyl, Ri Is H or D, and a is 0, 1 , 2, or 3, 
alkylalkoxymethanes of the formula 

where is methyl, ethyl, propyl, or t-butyl, R2 is methyl, ethyl or propyl, Ri Is H or D, els 0, 1 , or 2, b Is 1 , 2, 
or 3, and 0 + b = 1, 2, or 3, 
and mixtures thereof; 

and depositing a Si-containing film onto said substrate by thennal chemical vapor deposition at a temperature 
of about 300*0 or higher, wherein said Si-contalning film has a dielectric constant of about 3.5 or lower, as 
deposited. 

1 1 . The thermal chemical vapor deposition process of Claim 1 0 wherein said first chemical precursor is selected from 
the group consisting of 

a slloxane of the fonmula (H3Si)20, 

a slloxane of the fomnula (R3SI)20 In which at least one R is F, 

a slloxane of the fomnula (RaSijgO in which at least one R is methyl or ethyl, 

a (fluoroalkyl)fluorosiloxane of the fomnula [((Rf)3.x.yR\Fy)SI]20 In which R, is trifluoromethyl, 

a (fluoroalkyl)silane of the fomnula 

in which R, is trifluoromethyl, 

an (alkyl)fluorosilane of the fomnula ^^A^^^if^ In which R2 is methyl or ethyl, 

a (fluoroalkyl)fluorosilane of the fonnula (Rf)4.c-bSiR^Fb in which Rf is trifluoromethyl, 

an alkylsiloxysllane of the formula (R3SiCO)4.bSiRb in which each R is independently H, D, methyl, or ethyl, 

an alkoxysllane of the fomnula 

In which R2 is methyl or ethyl, 

an alkylalkoxysilane of the fomnula (R20)4^e^,SIR3bR^c which each R2 is independently methyl or ethyl, 
an alkoxysilylmethane of the formula (R20)4^.b{H3Si)bCR^p In which R2 is methyl or ethyl, and 
an alkylalkoxysilylmethane of the fomnula 

In which each R2 Is independently methyl or ethyl. 

12. The thermal chemical vapor deposition process of Claim 10 wherein said gas is further comprised of a second 
chemical precursor selected from the group consisting of silane, disilane, trisilane, methane, ethane, propane, 
butane, oxygen, o2one, hydrogen peroxide, nitrous oxide and water. 

13. The themnal chemical vapor deposition process of Claim 10 wherein said temperature is In the range of about 
350'»C to about 700'C. 



14. The thermal chemical vapor deposition process of Claim 10 wherein said temperature is in the range of about 
400*C to about 550*C. 

1 5. The thennal chemical vapor deposition process of Claim 1 0 wherein said Si-containing film has a dielectric constant 
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of about 3.0 or lower. 



18. A chemical vapor deposition process for depositing a Si-containing material on a surface 



comprising 



providing a chemical vapor deposition chamber having disposed therein a substrate- 

rgrrurco^sSing of °' ' ^^^^"'^^ '^^^^ fr"-" 

silylmethanes of the formula 



where R' is H or D, and a is 0, 1 , 2, or 3, 
alkoxysilylmethanes of the fonnula 



(R'0)^(H,Si)fcCR', 

where R2 is methyl, ethyl or propyl, is H or D, c is 0, 1 , or 2, b is 1 2 or 3 and c + b - 1 2 on 
alkylalkoxysilylmethanesofthefomiula "s i, < ora, andc + b- 1. 2. or3. 

CR'0),,.^».(H3Si)yCR'. 

TyTz = 2 0^3,'" '"''"P^"'""*'^ "'^^'y'- ^^l^y °^ P^°Py'- H or D. X is 0 or 1 . y is 1 or 2. z is 1 or 2. and x 
alkoxymethanes of the formula 

Where R3 is methyl, ethyl, propyl, or t-butyl, Ri is H or D, and a is 0 1 2 or 3 
alkylalkoxymethanes of the formula ' 

Trt anTc?b??|2'?r°'^'' °' " " «■ ^ ■ or 2. b is 1 . 2. 

and mixtures thereof, and 

JaTo'r oTsrcj^: "'-^""^"'"^ ' ""^^'^ — 

vapor deposition at a temperature of about 30(yc or higher. y menraicnemicai 

SoumoS' °' r«"9« Of about 350-C to 
IblTS'C. °' """"^ ^'"^ ^"^^^^^ is in the range of about 400'C to 
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22. The chemical vapor deposition process of Claim 18 wherein said first chemical precursor is selected from the 

group consisting of 

an alkoxysilylmethane of the fonnula 

5 

CR'0),^(H,Si),CR', 

in which R2 is methyl or ethyl, and 
10 an alkylall(oxysilylmethane of the fomiula 

(R'0)^JR.\(H,Si)yCR», 

15 in which each R2 is independently methyl or ethyl. 

23. The chemical vapor deposition process of Claim 18 wherein said first chemical precursor is tetrasilylmethane. 

24. The chemical vapor deposition process of Claim 1 8 wherein said gas is further comprised of a second chemical 
20 precursor selected from the group consisting of silane, disilane, trisilane, methane, ethane, propane, butane, ox- 
ygen, ozone, hydrogen peroxide, nitrous oxide and water. 

25. The thennal ch emical vapor deposition process of Claim 1 8 wherein said Si-containing film has a dielectric constant 
of about 3.0 or lower. 

25 

26. The chemical vapor deposition process of Claim 18 wherein said Si-containing film has a dielectric constant of 
about 2.7 or lower. 

27. The chemical vapor deposition process of Claim 18 wherein said Si-containing film has a dielectric constant of 
30 about 2.5 or lower. 

28. An alkoxysilylmethane of the fomnula 

35 (R'0)4^(H,SiXCR', 

where is methyl, ethyl or propyl, is H or D, c is 0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 , 2, or 3. 

29. A process for making the alkoxysilylmethane of Claim 28 which comprises reacting a halogenated alkoxymethane 
40 of the fomiula 

with a reagent selected from the group consisting of silyl salt, silane and disilane, where X is a halogen selected 
from CI, Br, and I. 

An alkylalkoxysilylmethane of the fonnula (R20)4.j^.y.2R2z(H3Si)yCR\ where each R2 is independently methyl, ethyl 
or propyl, R"" is H or D, x is 0 or 1 , y is 1 or 2, z is 1 or 2, and x+y + z = 2or3. 

A process for making the alkylalkoxysilylmethane of Claim 30 which comprises reacting a halogenated alkyla- 
Ikoxymethane of the fonnula (R^O)^^,y, zR^zXyCR^ with a reagent selected from the group consisting of silyl salt, 
silane and disilane, where X is a halogen selected from CI, Br, and L 

S5 32. A chemical vapor deposition process for depositing a Si-containing material on a surface, comprising 

providing a chemical vapor deposition chamber having disposed therein a substrate; 

introducing a first gas to said chamber, wherein said first gas is comprised of a first chemical precursor, 



45 
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c!n!,f tT "»f' "'"9 °"to said substrate, wherein said first Si-containing film has a dielectric 

rZl „f I ,°«"nA ; ° K ^^'^^P''^'*^^- Wherein said first Si-containing film has a thickness in the 
range of about 50A to about 5000A, 

r ''I' "^""^ 9^ «''"Pri^««^ °f « s««>"'^ '^•^e-T^'cal pre- 

cursor different from said first chemical precursor, and 

d^osmng a second Si-containing film onto said first Si-containing film to provide a mutti-layered Si-containing 

wherein said second Sl-containing film has a dielectric constant of about 3,5 or lower, as deposited wherein 
said second S,-containing film has a thickness in the range of about 60A to about 5000A, and wherein sa 3 
multi-layered Si-conta,ning film has a dielectric constant of about 3.5 or lower, as deposited. 

ci^tTof '"^^ °' ^ '''' ^'-"^'"'"9 «^ « ^^^'^■^^ 

« of atS ^^'^ '"""'-'^^^^^'^ ^'--^"^"^ « ^'-^'-rlc 

^' Jhl^''T'°^' ^"^^^ °* '^'^'"^ ^2 ^^''^ Si-containing film is deposited by themial 

chemical vapor deposition at a temperature of about 300*0 or higher. leanymermai 

ISout 70oS' °' '^"^ temperature is in the range of about 350'C to 

liorSc.' °' '^"^ temperature is In the range of about 400-C to 

w conilgT °' """"^ P^^'^"^^"^ ^'^^^^ fr""' ll^^ 

siloxanes of the formula (RgSDaO where each R is independently H, D, F. methyl, ethyl or propyl 
(fluoroalkyi)fluorosiloxanes of the fomiula f • 

nT='l' Perfluoroethyl or perfluoropropyl group. Ri Is H or D, x Is 0 or 1 , y Is 1 or 2, and 

(fluoroalkyl)silane8 of the fonnula 

T^IZ?" a Perfluoromethyl. perfluoroethyl or perfluoropropyl group. R1 Is H or D. and a is 0. 1 2 or 3 
(alkyl)fluorosilanes of the fonnula " « i. oro, 

where R2 Is methyl, ethyl or propyl, and b is 1 . 2. or 3, 
(fluoroalkyl)fluorosilanes of the fonnula 

where R, is a perfluoromethyl, perfluorethyl or perfluoropropyl group, Ri is H or D. c is 0, 1 , or 2, b is 1 , 2. or 
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3, and c + b = 1, 2, orS, 

alkylsiloxysilanes of the formula (R3SiO)4^SiRb where each R is independently H, D, F, methyl, ethyl or propyl, 

andbls1.2or3, 

alkoxysilanes of the fomnula 

where R2 is methyl, ethyl or propyl, R^ is H or D, and a is 0, 1 , 2, or 3, 
alkylalkoxysilanes of the formula 

where each R2 is independently methyl, ethyl or propyl, R^ is H or D, c Is 0, 1 , or 2, b Is 1 , 2, or 3, and c + b 

= 1,2, or 3, 

silylmethanes of the formula 

where R^ Is H or D, and a is 0, 1 , 2, or 3, 
alkoxysilylmethanes of the fomnula 

where R2 is methyl, ethyl or propyl, R^ is H or D, c is 0, 1 , or 2, b is 1 , 2, or 3, and c + b = 1 , 2, or 3, 
alkylalkoxysilylmethanes of the fonnula {R^O)4,x-y-zf^^z(^3S')yCR''x where each R2 Is independently methyl, 
ethyl or propyl, R"" Is H or D, x is 0 or 1 , y is I or 2, z Is 1 or 2, and x + y + z=:2or3, 
alkoxymethanes of the fooDula 

where R^ is methyl, ethyl, propyl, or t-butyl, R'' is H or D, and a Is 0, 1 , 2, or 3, 
alkylalkoxymethanes of the formula 

where R^ is methyl, ethyl, propyl, or t-butyl, R2 is methyl, ethyl or propyl, R** is H or D, c is 0, 1 , or 2, b is 1 , 2, 
or 3, and c + b = 1, 2, or 3, 
and mixtures thereof. 

40. The chemical vapor deposition process of Claim 32 wherein said second chemical precursor contains St and C. 

41 . The chemical vapor deposition process of Claim 32 wherein said second gas is f urthercomprised of a third chemical 
precursor selected from the group consisting of silane, disilane, trisiiane, methane, ethane, propane, butane, ox- 
ygen, ozone, hydrogen peroxide, nitrous oxide and water 

42. The chemteal vapor deposition process of Claim 32 wherein said first Sl-contalning film and said second Si-con- 
taining film each independently have a thickness in the range of about 150A to about 2500A. 

43. The chemical vapor deposition process of Claim 32 which further comprises 

introducing a third gas to said chamber, wherein said third gas is comprised of a third chemical precursor 
different from said second chemical precursor, and 
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depositing a third Si-containIng film onto said second Sl-containing film to provide a multi-layered Si-contain Ing 
film having at least three layers, wherein said third Si-containing film has a dielectric constant of about 3.5 or 
lower, as deposited, and wherein said third Si-containing film has a thickness in the range of about 50A to 
about SOOOA. 

44. The chemical vapor deposition process of Claim 43 wherein said multi-layered Sl-containing film having at least 
three layers has a dielectric constant of about 3.0 or lower. 

45. The chemical vapor deposition process of Claim 43 wherein said multi-layered Si-containing film having at least 
three layers has a dielectric constant of about 2.7 or lower. 

46. The chemical vapor deposition process of Claim 43 wherein said multi-layered Sl-containing film having at least 
three layers has a dielectric constant of about 2.5 or lower 

47. The chemical vapor deposition process of Claim 43 wherein said first Si-containing film is deposited by thermal 
chemical vapor deposition at a temperature of about 300*C or higher. 

48. The chemical vapor deposition process of Claim 47 wherein said temperature is in the range of about SSO'^C to 
about 700**C. 



49- The chemical vapor deposition process of Claim 47 wherein said temperature is in the range of about 40O'C to 
about 550''C. 

50. The chemical vapor deposition process of Claim 43 wherein said first Sl-containing film, said second Sl-containing 
film and said third Si-containing film each independently have a thickness in the range of about 150A to about 
2500A. 

51 . A multi-layered film comprised of at least a first layer and a second layer In contact with said first layer, wherein 

said first layer is comprised of an amount of silicon In the range of about 1% to about 60 %, an amount of 

carbon in the range of about 1 0% to about 90%, an amount of oxygen in the range of 0 % to about 35%, and 

an amount of fluorine In the range of 0% to about 67%, each by weight based on total weight; and 

said second layer is comprised of an amount of silicon in the range of about 1% to about 50%, an amount of 

carbon in the range of about 1 0% to about 60%, an amount of oxygen in the range of 0 % to about 30%, and 

an amount of fluorine in the range of 0 % to about 67%, each by weight based on total weight, 

wherein said multi-layer film has a dielectric constant of about 3.0 or lower, and 

wherein said second layer has an elemental composition that is substantially different from said first layer. 

52. The multi-layered film of Claim 51 wherein said first layer is comprised of an amount of fluorine in the range of 0% 
to about 10%, and wherein said second layer is comprised of an amount of fluorine in the range of about 20 % to 
about 65%, each by weight based on total weight. 

53. The multi-layered film of Claim 51 in whteh the interface between said first layer and said second layer is graded. 

54. The multi-layered film of Claim 51 wherein said first layer and said second layer each Independently have a thick- 
ness in the range of about 150A to about 2500A. 

55. The multi-layered film of Claim 51 which Is further comprised of a third layer in contact with said second layer, 

wherein said third layer is comprised of an amount of silicon in the range of about 1 % to about 60%, an amount 
of carbon in the range of about 10% to about 90%, an amount of oxygen in the range of 0% to about 35%, 
and an amount of fluorine in the range of 0% to about 65%, each by weight based on total weight, and 
wherein said third layer has an elemental composition that is substantially different from said second layer. 

56. The mufti-layered film of Claim 55, wherein said first layer is comprised of an amount of fluorine in the range of 
0% to 10%, said second layer is comprised of an amount of fluorine in the range of about 20% to about 65%, and 
said third layer is comprised of an amount of fluorine in the range of 0% to about 1 0%, each by weight based on 
totai weight. 
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57. The multi-layered film of Claim 55, wherein said first layer is comprised of an amount of fluorine in the range of 
0% to 10%, said second layer is comprised of an amount of silicon in the range of about 10% to about 35%, and 
said third layer Is comprised of an amount of fluorine in the range of 20% to about 65%, each by weight based on 
total weight. 

58. The multi-layered film of Claim 55, wherein the interface between said third layer and said second layer is graded. 

59. The multi-layered film of Claim 55 wherein said first layer and said second layer each independently have a th{cl<- 
ness in the range of about 150A to about 2500A. 
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